WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCX 

INTERNATIONAL APPUCATEON PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) IntemationaJ Patent Classification ^ : 
C06B 29/22 



A2 



(11) Interoational Publication Number: WO 95/25709 

(43) laternational Publication Date: 28 September 1995 (28.09.95) 



(21) International Application Number; 

(22) Internationa] Filing Date: 



PCT/US95/02403 



27 Febniaiy 1995 (27.02.95) 
i 



(30) Priority Data: 
214409 



18 March 1994(18.03.94) 



US 



(71) AppUcant: OLIN CORPORATION [US/US]; 350 Knottcr 

Drive. P.O. Bojt 586. Cheshire, CT 06410-0586 (US). 

(72) Inventors: HEI^Y, Guy, H., UI; 632 Kristy Drive, Centralia. 

IL 62801 (US). SOLVERSOK, Matthew. S.; 14 Mcad- 
owood, Carbondalc. XL 62901 (US). 



(81) Designated States: AM. AU. BB, BG. BR. BY. CA, CK. CZ. 
EE. Fl, GE, HU. JP. KE. KG. KP, KR. KZ, LK. LR. LT. 
LV. MD, MG. MN. MW. MX, NO, NZ. PL, RO, RU, SD, 
SG. SI. SK, TJ, TT, UA, UZ, VN. European patent (AT, 
BE, CH, DE. DK."ES. FR, GB. GR, IE. IT. LU, MC. NL, 
FT. SE). OAPI patent (BP. BJ. CF, CG, CI. CM. GA. GN. 
ML, MR, NE. SN, TD. TG). 



Published 

Without international search report and to be republished 
upon receipt of that report. 



(74) Agents: ROSENBLATT. Gregory, S. et al.; Wiggin & Dana, 
One Century Tower. New Haven. CT 06508-1832 (US). 



(54) TiUe: GAS GENERATING PROPELLANT 



(57) Abstract 

There is provided a gas generating propcllant mix (24) consisting essentially of guanidine nitrate, an oxidizer selected from the group 
consisting of potassium perchlorate and ammonium perchlorate. a flow enhancer and a binder. When ignited, the propellant mix generates 
nitrogen, carbon dioxide and steam at an ele\'ated temperature, typically in excess of 800 "C. The propellant mix is particularly useful in 
augmented gas generators to augment the evolution of oxygen from a secondary source such as potassium chlorate. The propellant mix is 
free of highly toxic compounds and has particular application in automotive airbags. 
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GAS GENERATING PROPEIiLANT 

This invention relates a gas generating 
propellant. More particularly, a mixture of 
guanidine nitrate and a specific oxidizer., potassium 
•i perchlorate or ammoniuia perchlorate, generates 

nitrogen, carbon dioxide and steam when ignited. 

Gas generating compounds evolve a copious 
volume of gas when ignited. One category of gas 
evolving compounds utilizes a guanidine (HN=C(NH2>2> 
based compound mixed with a sensitizer and/or 
oxidizer. For example, U.S. Patent No. 2,165,263 to 
Holm discloses a gas generating compound containing 
nitroguanidine in a binder. A portion of the 
nitroguanidine may be replaced with guanidine 
nitrate {H2NC(NH)NH2*HN03) . Typical binders include 
nitrocellulose and cellulose acetate. 

U.S. Patent No. 3,719,604 to Prior et al, 
discloses a mixture of an oxygen liberating 
compound, such as potassium chlorate, and a gas 
evolving compound such as ammoniiam nitrate or 
guanidine nitrate. 

U.S. Patent No. 3,739,574 to Godfrey discloses 
a gas generator containing a mixture of guanidine 
nitrate and ammonium nitrate which is decomposed in 
the presence of a chromic oxide catalyst. 

The above mixtures evolve a generous quantity 
of oxygen and nitrogen gases. However, the gas 
volxame and gas temperature is inadequate for use in 
augmented airbags as utilized in automotive 
passenger restraint systems. In a first compartment 
' of such an airbag, elevated temperature nitrogen gas 

is generated by ignition of a mixture of an azide 
* and an oxidizer. One disclosed mixture is sodium 

azide and potassium perchlorate. The generated 
nitrogen passes through a perforated plate into a 
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second COTipartment containing a pressurized gas 
which expands on exposure to the hot nitrogen gas 
generated in the first compartment. In a third 
compartment, the gases inflate an air bag to 
restrain an automobile passenger. 

Sodium azide is difficult to handle safely and 
is toxic. Assembly of the airbags must be done in a 
controlled environment and disposal of uninf lated 
airbag cylinders is difficult. 

Guanidine nitrate is easier to handle and not " 
as toxic as sodium azide. The development of a 
guanidine nitrate based airbag component would 
improve the safety of manufact\ire and transport and 
lessen the environmental concerns of disposal. 

It is an object of the invention to provide a 
gas generating propellant which evolves a large 
quantity of non-toxic gases at elevated temperature. 
It is a second objective of the invention to 
incorporate this propellant mixture into an 
augmented airbag. It is a feature of the invention 
that the propellant is a mixture of guanidine 
nitrate and an oxidizer. In preferred embodiments, 
the oxidizer is either potassium perchlorate or 
ammoniiam perchlorate. Yet another feature of the 
invention is that a flow facilitator, such as 
graphite or carbon black, may be added to the 
propellant mix. Yet another feature is that a 
binder such as calcixim resinate may be added to the 
propellant mix. 

It is an advantage of the invention that when 
ignited, the propellant mix generates an exhaust gas 
having a temperature in excess of about 8 00 <*C, which 
augments the expansion of nitrogen in the second 



compartment of the augmented gas generator. Yet 
another advantage of the invention is that the 
evolved gas travels at a speed in excess Tof about 
530 meters per second, increasing the speed of 
airbag deployment. Yet another advantage of the 
invention is that the components added to the 
propellant mix are less toxic than sodiiim azide, 
easier to handle, and safer to dispose. 

Accordingly, there is provided a gas generating 
propellant. The propellant consists "essentially of' 
from about 55% to about 75%, by weight, guanidine 
nitrate, from about 25% to about 45%, by weight, of 
an oxidizer which is selected from the group 
consisting of potassium perchlorate and ammonium 
perchlorate, from about 0.5% to about 5.0%, by 
weight, of a flow enhancer and, up to about 5%, by 
weight, of a binder. 

In accordance with a second embodiment of the 
invention, there is provided a component for an 
augmented airbag. This component contains a primary 
gas generating propellant mix which is effective to 
deliver a mixture of nitrogen, carbon dioxide and 
steam to a secondary gas source. The mix is 
delivered at a temperature in excess of about 8 00*»C. 

The above stated objects, features and 
advantages will become more apparent from the 
specification and drawing which follows. 

The Figure illustrates in cross-sectional 
representation an augmented airbag utilizing the gas 
generating propellant of the invention. 

The Figure illustrates in cross-sectional 
representation an augmented airbag 10. The 
augmented airbag 10 has a rigid metallic housing 12, 
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such as a carbon steel, formed into a cylinder 
closed at one end. The cylinder is divided into a 
plurality of compartments. A first compaxtment 14 
contains the propellant mix of the invention and is 
described in more detail below. A second 
compartment 16 contains a compressed gas such as 
nitrogen under a pressure of 17*2 MPa (2500 psi) . 
The gases pass to a third compartment 20, inflating 
an airbag 22. 

The propellant mix 24 of the invention is 
contained within the first compartment 14 . The 
first compartment 14 is defined by the closed end of 
the cylindrical housing 12 and a plate 26 having 
perforations 28. The propellant mix 24 consists 
essentially of from about 55% to about 75%, by 
weight, guanidine nitrate; from about 25% to about 
45%, by weight, of an oxidizer selected from the 
group consisting of potassixam perchlorate and 
ammonixim perchlorate; from about 0.5% to about 5.0%, 
by weight, of a flow enhancer and up to about 5%, by 
weight, of a binder. Among the suitable flow 
enhances are graphite and carbon black. One 
suitable binder is calcium resinate. 

In a preferred embodiment, the propellant mix 
consists essentially of from about 57% to about 71%, 
by weight, guanidine nitrate; from about 28% to 
about 42%, by weight potassium perchlorate; and from 
about 0.5 to about 1.5%, by weight, graphite. From 
about 1% to about 3%, by weight, calcium resinate as 
a binder can also be present. 

In a most preferred composition, the propellent 
mix consists essentially of from about 61% to about 
67%, by weight, guanidine nitrate; from about 32% to 



wo 95/25709 PCTAJS95/02403 



-5- 



about 38%, by weight, potassivim perchlorate; and 
from about 0.5 to about 1.5%, by weight, graphite. 
As above, from about 1% to about 3%, by weight, 
calcium resinate may be present. 

When guanidine nitrate is above the maximum 
compositional limit of the invention, incomplete 
oxidation occurs and excessive carbon monoxide may 
be present in the output gas. When the guanidine 
nitrate content is below the limit of the invention, 
there is insufficient energy output to generate the- 
temperatures necessary to augment the exhaust of 
nitrogen from the second compartment 16. 
Additionally, the gas is generated more slowly 
decreasing the rate of deployment of the airbag 22. 

If the potassium perchlorate content is aiDOve 
the limit of the invention, the amount of gas 
evolved is insufficient to fully deploy the airbag 
22. When the potassi\am perchlorate content is below 
the limit of the invention, incomplete oxidation 
occiirs, leading to the potential for excessive 
caxbon monoxide in the output gas. 

The flow enhancer is preferably carbon based 
and selected to be graphite or carbon black. When 
the flow enhancer content is above the limit of the 
invention, there is poor oxidation of carbon leading 
to reduced energy output and the potential for 
excessive carbon monoxide in the output gas. When 
the content of the flow enhancer is below the limit 
of the invention, poor processability results- The. 
flow enhancer enhances the flow of guanidine nitrate 
and oxidizer into a mold and out of the mold after 
pressing. If insufficient flow enhancer is present. 
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it is difficult to accurately fill the mold smd to 
remove the pressed propellant mix. 

In addition to composition, the particle size 
is also important. The average particle size of the 
guanidine nitrate is between 75 microns and 350 
microns, and preferably, from about 100 microns to 
about 200 microns. The average particle diameter of 
the oxidizer is from about 50 microns to about 200 
microns, and preferably, from about 75 to about 125 
microns. The average particle size of the flow 
enhancer is from about 7 microns to about 70 
microns, and preferably, from about 15 microns to 
about 35 microns. 

VThen the particle size of the guanidine nitrate 
or oxidizer is above the maximum limit of the 
invention, the burn rate of the propellant is too 
slow and deployment of the airbag 22 is delayed. 
When the particle size is below the minimum limit of 
the invention, the burn rate is too rapid and rather 
than the controlled evolution of gas, explosive 
bursting of the housing 12 may occur. When the 
average particle size of the flow enhancer is above 
the maximum of the invention, poor Ixibricity is the 
result and the benefits of the flow enhancer are 
lost. Excessively small flow enhancer particle size 
does not affect the propellant burn performance or 
processability , but is difficult to handle. 

The propellant mix 24 is ignited by an electric 
squib 3 0 triggered by an electric sensor (not shown) 
when a collision is detected. The squib 3 0 may be 
any pyrotechnically initiated standard explosive 
primer such as the Holex 1196A squib (manufactured 
by Wittaker Ordnance of Holister, California, United 



wo 95/25709 PCTAJS95/02403 



-7- 



States of America) . When ignited, the propellant 
mix 24 exothenaically generates a mixture of 
nitrogen, carbon dioxide and steam. The- gaseous mix 
is delivered to the second compartment 16 through 
the apertures 28. To maximize the evolution of 
oxygen in the second compartment 16, the gaseous 
mixture is delivered at a temperature in excess of 
about 800 «*C, and preferably, at a temperature of 
from about 900 to about 1050<»C. 

Rapid delivery of the. gaseous mix is desirable 
for rapid deployment of the airbag 22. Preferably, 
the gaseous mix is delivered to the second 
compartment 16 at a speed of from about 53 0 meters 
per second to about 650 meters per second and most 
preferably, at a speed of from about 560 meters per 
second to about 625 meters per second. 

The advantages of the propellant mix of the 
invention will become more apparent from the example 
which follows. The example is illustrative and not 
intended to limit the scope of the invention, 

EXAMPLE 

A propellant mix consisting of, by weight, 64% 
guanidine nitrate, 3 5% by weight potassium 
perchlorate and 1% graphite was computer modelled to 
determine the exhaust temperature and exhaust speed 
of the evolved gas. The temperature was 971*C and 
the exhaust speed of the gaseous mixture was 593 
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meters per second, 
mixture were: 



The primary gases evolved 



0,13 



1.44 



0.07 



1.05 



0.53 



moles 
moles N2 
moles CO2 
moles H2 
moles CO 



r 



In addition, 0.19 moles of potassium chloride 
as a solid was generated. The approximately 2% of " 
the gas mix evolved is carbon monoxide is 
substantially oxidized to carbon dioxide in the 
second compartment 16 such that the gas which 
deploys the airbag 22 is substantially safe. 

While the invention has been described in terms 
of a gas evolving propellant mix for augmented 
automotive airbags, it is equally applicable to 
other types of airbags as well as other applications 
requiring the rapid generation of a large quantity 
of gas and is useful for applications such as fire 
extinguishers and pneumatic equipment. 

It is apparent that there has been provided in 
accordance with this invention a gas evolving 
propellant mixture which fully satisfies the 
objects, features and advantages set forth 
hereinabove. While the invention has been described 
in combination with specific embodiments thereof, it 
is evident that many alternatives, modifications and 
variations will be apparent to those skilled in the 
art in light of the foregoing description. 
Accordingly, it is intended to embrace all such 
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alternatives , modifications and variations as fall 
within the spirit and broad scope of the appended 
claims. 
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IN THE CIAIMS ; 

1, A gas generating propellant (24)-, 
consisting essentially of: 

from about 55% to about 75%, by weight, 
guanidine nitrate; 

from about 25% to about 45%, by weight, of 
an oxidizer selected from the group consisting of 
potassium perchlorate and ammonium perchlorate; 

from about 0.5% to about 5.0%, by weight, 
of a flow enhancer; and 

up to about 5%, by weight, of a binder. 

2, The gas generating propellant (24) of claim 

1 characterized in that said flow enhancer is 
selected from the group consisting of graphite and 
carbon black. 

3. The gas generating propellant (24) of claim 

2 characterized in that from about 1% to alDout 3% by 
weight calcium resinate is present as a binder. 

4. The gas generating propellamt (24) of 
either claim 2 or claim 3 consisting essentially of 
from about 57% to about 71%, by weight, guanidine 
nitrate, from about 2 8% to about 42%, by weight, 
potassium perchlorate and from about 0.5% to about 
1.5%, by weight, graphite. 
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5. The gas generating propellant (24) of claim 
4 characterized in that the average particle size of 
said guanidine nitrate is from about 75 microns to 
about 350 microns, the average particle size of said 
potassium perchlorate is from about 50 microns to 
about 2 00 microns and the average particle size of 
said graphite is from about 7 microns to about 70 
microns . 

6. A component of an airbag (10) , 
characterized by: 

a primary gas generating propellant mix 
(24) effective to deliver a mixture of nitrogen, 
carbon dioxide and steam to a secondary gas source, 
said mixture being delivered at a temperature in 
excess of about 800** C, 

7. The component of claim 6 characterized in 
that said mixture is delivered at a temperature of 
from about 900«C to about 1050*»C. 

8 - The component of claim 6 characterized in 
that said mixture is delivered at a speed of from 
about 530 meters per second to about 650 meters per 
second. 
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9. The component of claim 8 characterized in 
that said propellant mixture (24) consists 
essentially of from about 55% to about 75%, by . 
weight, guanidine nitrate, from about 2 5% to about 
45%, by weight, of an oxidizer selected from the 
group consisting of potassium perchlorate and 
ammonium perchlorate, from about 0.5% to about 5.0%, 
by weight, of a flow enhancer and up to about 5% by 
weight of a binder. 

10- The component of claim 9 characterized in 
that said flow enhancer is selected from the group 
consisting of graphite and carbon black. 

11. The component of either claim 9 or claim 10 
characterized in that from about 1% to about 3% by 
weight calcium resinate is present as a binder. 

12 . The component of claim 11 characterized in 
that said gas generating propellant mix consists 
essentially of from about 57% to about 71%, by 
weight, guanidine nitrate, from about 28% to about 

4 2%, by weight, potassium perchlorate and from about 
0.5% to about 1.5%, by weight, graphite. 

13. The component of claim 12 characterized in 
that the average particle size of said guanidine 
nitrate is from about 75 microns to about 350 
microns, the average particle size of said potassium 
perchlorate is from about 50 microns to about 200 
microns and the average particle size of said 
graphite is from about 7 microns to about 70 
microns. 
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FIGURE 



